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© A method of locating the azimuthal positions of 
the transverse axes of an optical fiber (10) that has a 
cladding (17) and a core (16) with an elliptical cross 
section, where the elliptical cross section has a 
major axis and a minor axis and the optical fiber has 
a longitudinal axis. The present invention also pro- 
vides a method of detecting the azimuthal position of 
an optical fiber from which an interference pattern 
generated by reflections from a coherent light beam 
directed onto the optical fiber in a direction trans- 
verse to the optical fiber's longitudinal axis changes 
symmetrically as the fiber is turned in opposite di- 
rections about its longitudinal axis. In addition, the 



FIG. 1 



invention provides a method to determine which axis 
of an optical fiber elliptical's core, the major axis or 
the minor axis, is orthogonally aligned with the co- 
herent HeNe laser beam (12). Further, the invention 
provides a method of joining two optical fibers where 
the transverse axes of the fibers' elliptical cores are 
aligned with one another or are separated from one 
another at a specified angular separation. The inven- 
tion also provides a method of detecting the 
azimuthal positions indicated above utilizing a prog- 
rammable electronic device capable of storing, re- 
trieving and processing data. 
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Field Of The Invention 

The present invention relates generally to a 
process of bonding two optical fibers with elliptical 
cores. More particularly, this invention relates to a 
method of locating the azimuthal positions of the 
transverse axes of an optical fiber's elliptical core 
and joining two optical fibers while the transverse 
axes of the two fibers' cores have a prescribed 
relationship to one another. 

Summary Of The Invention 

It is a primary object of the present invention to 
provide a method of locating the azimuthal posi- 
tions of the transverse axes of an optical fiber 
having an elliptical core. 

A related object is to provide a method for 
detecting the azimuthal position of an optical fiber 
from which an interference pattern generated by 
reflections from a coherent laser beam directed 
onto the optical fiber in a direction transverse to the 
optical fiber's longitudinal axis changes symmetri- 
cally as the fiber is turned about its longitudinal 
axis. 

Another object is to provide a method for de- 
termining which transverse axis of an optical fiber 
having an elliptical core, the major axis or the 
minor axis, is aligned with a coherent light beam 
directed onto the fiber in a direction transverse to 
the optical fiber's longitudinal axis. 

A still further object is to provide a method for 
locating the azimuthal positions of the transverse 
axes of an optical fiber having an elliptical core, 
utilizing a programmable electronic device capable 
of storing, retrieving and processing data. 

Still another object of the invention is to pro- 
vide a method for joining two optical fibers having 
elliptical cores, while the transverse axes of the 
optical fibers' elliptical cores are aligned with one 
another. 

Yet another object is to provide a method for 
joining two optical fibers having elliptical cores, 
while the transverse axes of the optical fibers' 
elliptical cores are separated from one another at a 
specified angular separation. 

Other objects and advantages of the invention 
will be apparent from the following detailed de- 
scription and the accompanying drawings. 

In accordance with the present invention, there 
is provided a method of locating the azimuthal 
positions of the transverse axes of an optical fiber's 
elliptical core. These azimuthal positions are lo- 
cated by monitoring an interference pattern pro- 
duced by reflections from a coherent light beam 
directed onto the optical fiber in a direction trans- 
verse to the longitudinal axis of the fiber. 



As the coherent light beam is directed onto the 
optical fiber, the fiber is turned about its longitudi- 
nal axis. As the fiber is turned, constructive and 
destructive interference of the reflected light waves 
occurs, producing visible fringes. When either the 
major or minor axis of the optical fiber's elliptical 
core is perpendicular to the coherent light beam, 
the resulting interference pattern will change sym- 
metrically as the fiber is turned about the optical 
fiber's longitudinal axis. This symmetry point in- 
dicates that the coherent light beam is aligned with 
either the major or minor axis of the optical fiber's 
elliptical core. 

Although it is possible to align either the major 
or minor axis of the optical fiber's elliptical core 
with the coherent light beam, the present invention 
also provides a method to determine which axis of 
the optical fiber's core, the major axis or minor 
axis, is aligned with the coherent light beam. By 
turning the optica! fiber through an azimuthal range 
of at least 90*. monitoring the rate of change of 
the resulting interference pattern and realizing the 
rate of change in the interference pattern is propor- 
tional to the rate of change in the elliptical cross 
section, it is possible to ascertain whether the 
major axis or the minor axis is approaching a 
position orthogonal to the coherent light beam. 
That is, when the minor ax ; s of the optical fiber's 
elliptical core is approaching a position orthogonal 
to the coherent light beam, the resulting interfer- 
ence pattern changes more rapidly than when the 
major axis of the optical fiber's elliptical core is 
approaching the same relative position orthogonal 
to the coherent light beam. 

After aligning the transverse axes of an optical 
fiber's elliptical core with a coherent light beam, the 
transverse axes of a second optical fiber's elliptical 
core are aligned with the same coherent light 
beam. By aligning the transverse axes of the two 
fibers' elliptical cores with the coherent light beam, 
the transverse axes of the two fibers' elliptical 
cores are effectively aligned with one another. In 
addition, by using a rotator device, it is possible to 
join the optical fibers while the transverse axes of 
the optical fibers' elliptical cores are separated 
from one another at a specified angular separation. 

Brief Description Of The Drawings 

The invention and further objects and advan- 
tages of the invention may best be understood by 
reference to the following description when taken in 
conjunction with the accompanying drawings, in 
which: 

FIG. 1 is a diagrammatic perspective view of a 
system for splicing two optical fibers in accor- 
dance with the present invention; 
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FIG. 2 is an enlarged transverse cross-section of 
an optica! fiber having an elliptical core and 
cladding; 

FIG. 3 is a representation of fringes produced 
by constructive interference of a coherent light 
beam reflected from the cladding and core re- 
gions of an optical fiber; 

FIG. 4 is a representation of an interference 
pattern produced as the minor axis of an optical 
fiber's elliptical core approaches a position per- 
pendicular to a coherent light beam; 
FIG. 5 is a representation of the interference 
pattern of FIG. 4 with enveloping lines added to 
emphasize the symmetrical arrangement of the 
resulting fringes; 

FIG. 6 is a representation of an interference 
pattern produced as tne major axis of an optical 
fioer's elliptical core approaches a position per- 
pendicular to a coherent light beam; and 
FIG. 7 is a representation of the interference 
pattern of FIG. 6 with enveloping lines added to 
emphasize the symmetrical arrangement of the 
resulting fringes. 

Detailed Description Of The Preferred Embodi- 
ment 

Although the invention will be described in con- 
nection with certain preferred embodiments, it will 
be understood that it is not intended to limit the 
invention to these particular embodiments. On the 
contrary, it is intended to cover all alternatives, 
moaifications and equivalent arrangements as may 
be included within the spirit and scope of the 
invention as defined by the appended claims. 

In fiber optic technology it is often necessary 
to bond or "splice" two optical fibers with their 
longitudinal axes in precise alignment. When the 
fibers have elliptical cores, i.e., cores with elliptical 
transverse cross-sections, it is also desiraole to 
align the transverse axes, i.e., the major and minor 
axes of the ellipse. In certain applications, it is 
desired to have the transverse axes of the ellipical 
cores of the two fibers offset from each other by a 
preselected angle. The bonding, or splicing, is per- 
formed while the transverse axes of the two fibers 
are m the desired alignment relative to each other. 
The accuracy of the alignment ts predicated upon 
locating the azimuthal positions of the transverse 
axes of the fibers' cores prior to splicing. 

FIG. 1 illustrates a system for locating the 
azimuthal positions of the transverse axes of two 
optical fibers 10 and 11 having elliptical cores. A 
helium neon (HeNe) laser 12 (wavelength 6328 A) 
generates a coherent light beam B which passes 
through a beamsplitter 13 to form two parallel 
beams B1 and B2. The beams B1 and B2 are 
transmitted through two holes in a screen 14 hav- 



ing a white diffuse surface. The two beams are 
then reflected by a mirror 15 onto the two individ- 
ual fibers 10 and 1 1 in a direction perpendicular to 
the longitudinal axes of the fibers. The longitudinal 
axes of the beams B1 and B2 preferably intersect 
the longitudinal axes of the fibers 10 and 11. 

As the laser beam passes through the fibers, a 
portion of the beam is reflected from the front and 
back surfaces of the fibers, and also from the 
interior interfaces between the core and cladding 
regions of the fibers. The vector sum of the individ- 
ual, reflected light waves creates an interference 
pattern that is reflected onto the screen. The con- 
structive and destructive vectorial addition of the 
reflected light waves produces alternating light and 
dark regions, commonly referred to as fringes. 

Although reflections from the internal interfaces 
of both the cladding and core regions produce 
fringes, it is possible to differentiate the core 
fringes from the cladding fringes. Typically, the 
length of a fringe is inversely proportional to the 
dimension of the source generating the fringe. 
Since the core dimensions are substantially smaller 
than the cladding dimensions, the fringes produced 
by reflections from the core are substantially longer 
than the fringes produced by reflections from the 
cladding. 

As illustrated in FIG. 2, each of the optical 
fibers 10 and 11 has an elliptical core 16 with a 
relatively high index cf refraction surrounded by a 
cladding 17 with a lower inaex of refraction to 
produce a high difference in index (e.g., a An of 
0.035). The cimensions and the refractive indicies 
of the core 16 and the cladding 17 are selected to 
provide a single-mode guiding region. Because of 
its elliptical shape and high index difference, this 
guiding region will also hold the polarization of 
optical signals propagated therethrough in align- 
ment with either axis of the ellipse. That is, the 
major and minor axes of the elliptical cross-section 
represent two transverse orthogonal axes which, in 
combination with the rafractive indices of the core 
and dadoing, de-couple light waves polarized 
along those axes. 

Surrounding the guiding region formed by the 
core 16 and cladding 17 is a support layer 18 
which provides tne fiber with increased mechanical 
strength and ease of manipulation. Since this sup- 
port layer 18 is not a part of the guiding region, its 
optical prooerties are not nearly as critical as those 
of the core 16 and the cladd ng 17. To prevent light 
from being trapped in the cladding 17, the support 
layer 18 has an index of refraction higher than that 
of the cladding 17. 

FIG- 3 shows a typical pattern of four fringes 
produced by directing a coherent HeNe laser beam 
onto an optical fiber having an elliptical core. This 
pattern includes both core fringes 20 and cladding 
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fringes 21. The cladding fringes 21 are substan- 
tially smaller than the core fringes 20, and it is 
preferred to use the core fringes 20 to align the 
transverse axes of the two fibers 10 and 11. 

The azimuthal locations of the minor and major 
axes of the elliptical core can be determined by 
turning the optical fiber around its longitudinal axis 
while monitoring the interference pattern produced 
by reflections of the laser beam from the elliptical 
core. By monitoring the interference pattern, it is 
possible to determine when each of the major and 
minor axes of the fiber's elliptical core is aligned 
with the axis of the laser beam. FIGS. 4 through 7 
are examples of interference patterns produced as 
a fiber is rotated around its longitudinal axis. 

FIG. 4 illustrates an example of an interference 
pattern produced as the minor axis of the fiber's 
elliptical core approaches a position orthogonal to 
tne laser beam. The vertical lines represent core 
f^nges produced by constructive vectorial addition 
of tne reflected laser beam, and the blank spaces 
between the vertical lines represent core fringes 
produced by destructive vectorial addition of the 
reflected iaser beam. The core fringes illustrated in 
FIG. 4 are interwoven with the smaller cladding 
f-mges, though these cladding fringes are not illus- 
trated m FIG. 4. 

The 0* reference point in FIG. 4 indicates the 
azimutnal position of the fiber when the axis of the 
laser beam is parahel to the major axis of the 
fber's elliptical core Since the major and minor 
a>es of the elliptical core are orthogonal, when one 
of the axes is perpendicular to the beam, the other 
axis is parallel to the team. Thus, in FIG. 4, the 
minor axis of the fiber's elliptical core is perpen- 
dicular to the axis of the laser beam at the 0" 
reference point. 

The interference pattern illustrated in FIG. 4 is 
shown at successive one-degree increments to il- 
lustrate the proportional change in the interference 
pattern with respect to the angular rotation of the 
f.ber about its longitudinal axis. If it is assumed that 
the ftber's rotation begins at the position -10* in 
FIG. 5, it can be seen that as tne fiber is rotated 
toward the 0* position, the fringes Fi and F 2 
converge at the center of the pattern, i.e.. at the 
point corresponding to a plane passing through the 
axes of both the fiber and the laser beam. After the 
central fringes Ft and F 2 converge, the length of 
the central fringe F c diminishes until the fiber is 
rotated to the 0* position, at which point the length 
of the central fringe F c reaches a minimum. Then 
as the fiber is rotated past the 0* position toward 
tne + 10* position, the central fringe F c increases 
in length, and then separates into two fringes Fi 
and F 2 again. As fiber rotation continues, the two 
central fringes Fi and F2 diverge. 



It can be seen in FIG. 5 that the fringes pro- 
duced on opposite sides of the 0* position are 
identical for identical angular displacements from 
the 0* position. For example, the fringes produced 
5 at -5 * are identical to the fringes produced at + 
5'. Thus, the 0' position establishes an axis of 
symmetry, i.e., the fringes produced on one side of 
the 0* position are a mirror image of the fringes 
produced on the other side of the 0 * position. 
to Referring to FIG. 6, the axis of symmetry at the 

0 • position is emphasized by adding envelope 
lines to show the progressive displacement of the 
fringes with respect to the angular rotation of the 
fiber. This added enveloping also emphasizes the 
75 mirror images produced as the fiber is rotated 
through equal angular displacements on both sides 
of the 0* position. Thus, it can be seen that as the 
fiber is rotated from the + 10* position to the -10* 
position, the envelopes of the resulting fringes form 
20 patterns A and B which are mirror images of each 
other. The 0 * position marks the axis of symmetry 
between the two patterns A and B. This axis of 
symmetry is the position at which the minor axis of 
the fiber's elliptical core is orthogonal to the axis of 
25 the laser beam. 

An alternative technique for determining when 
the minor axis of the optical ftber's elliptical core is 
orthogonal to the axis of the laser beam, as the 
optical fiber is turned about its longitudinal axis, is 
30 to monitor the sum of the lengths of the two central 
fringes between the two envelopes 30 and 31 in 
FIG. 5 and detect when that sum reaches a mini- 
mum. As can be seen in FIG. 5, that sum reaches 
a minimum at the 0* position. If the fiber is rotated 
35 to ether side of the 0* position, the sum of the 
frnge lengths between the two envelopes 30 and 
31 increases. 

The tracking of the fringes described above 
may be accomplished by manual or automated 
40 means. First, it is possible to manually measure or 
estimate the sum of the lengths of the central 
fringes. Second, the tracking process can be auto- 
mated by the use of a register which stores the 
sum of the central fringe lengths. As the optical 
45 fiber is turned about its longitudinal axis, the sum 
of the central fringe lengths is measured at succes- 
sive increments, and each such measurement is 
compared with the value of the previous measure- 
ment stored in the register. If the current measure- 
so ment is less than the value stored in the register, 
the stored value is replaced with the current mea- 
surement value. If the current measurement value 
exceeds the value stored in the register, the stored 
value is not replaced because this condition in- 
55 dicates that the sum of the central fringe lengths 
has reached a minimum or has increased. The 
minimum value is th last stored value before an 
increase occurs, and indicates that the minor axis 
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of the fiber's elliptical core is perpendicular to the 
axis of the laser beam. 

It is also possible to determine which axis of 
the elliptical core, the major axis or the minor axis, 
is perpendicular to the axis of the laser beam. 
Generally, the core surface area illuminated by the 
laser beam changes with rotation of the fiber ar- 
ound its longitudinal axis. If the same angular rota- 
tion is performed first with the minor axis of the 
ellipse orthogonal to the beam axis, and second 
with the major axis of the ellipse orthogonal to the 
beam axis, it can be seen that the rate of change in 
the illuminated core surface area is substantially 
larger when the minor axis of the ellipse is or- 
thogonal to the reference point. Consequently, the 
interference pattern changes most rapidly when the 
minor axis of the elliptical core is perpendicular to 
the axis beam. This can be seen by comparing the 
interference patterns illustrated in FIGS. 4 and 5 
with the interference patterns illustrated in FIGS. 6 
and 7, which illustrate examples of interference 
patterns produced as the major axis of the fiber's 
elliptical core approaches a position orthogonal to 
the axis of the laser beam. In FIGS. 4 and 5, where 
the minor axis of the fiber's elliptical core is per- 
pendicular to the laser beam axis at the 0* posi- 
tion, the rate of change of the interference pattern 
exceeds the rate of change of the interference 
pattern in FIGS. 6 and 7, where the major axis of 
the fiber's elliptical core is perpendicular to the 
laser beam axis at the 90* position. Therefore, by 
rotating the fiber through an angle of approximately 
90 • and monitoring the rate of change of the 
interference pattern, it is possible to determine 
which axis of the elliptical core is perpendicular to 
the beam axis at whatever axis of symmetry is 
detected within that 90'. The sum of the central 
fringe lengths is another variable that can be used 
to determine which axis of the optical fiber's ellip- 
tical core, the major axis or the minor axis, is 
orthogonal to the axis of the laser beam. When the 
minor axis of the elliptical core is orthogonal to the 
beam axis, the sum of the two central fringe 
lengths is greater than the sum of those fringe 
lengths wnen the major axis is orthogonal to the 
beam axis. Thus, by storing the minimum value of 
one or both of these sums in memory, and com- 
paring any current sum with the stored value or 
values, it can be determined whether the minor 
axis or the major axis is orthogonal to tne beam 
axis. 

Although either the major or minor axis can be 
used to determine the precise positions of the 
fiber's transverse axes, it is preferred to use the 
interference patterns shown in FIGS. 4 and 5 be- 
cause the interference pattern changes most rap- 
idly when the minor axis of the elliptical core is 
orthogonal to the beam axis. The greater rate of 



change means that changes in the interference 
pattern are more obvious when the minor axis 
approaches a position orthogonal to the beam axis. 
By aligning the major and minor axes of the ellip- 
5 tical cores of two optical fibers with tne axes of the 
two coplanar laser beams, B1 and B2, the major 
and minor axes of the two fibers can be precisely 
aligned with each other. 

To form a fiber splice, the two fibers 10 and 1 1 
iq in FIG. 1 are initially moved into precise alignment 
with each other along the X, Y and Z axes. As 
illustrated in FIG. 1, the X and Y axes are or- 
thogonal axes in the horizontal plane, and the Z 
axis is the vertical axis orthogonal to both the X 
75 and Y axes. The two fibers 10 and 11 may be 
moved along these three mutually orthogonal axes 
by a conventional X-Y-Z indexing system until the 
longitudinal axes of the two fibers are in precise 
register with each other. Each fiber is then rotated 
20 to position the major and minor axes of its eliptical 
core in precisely the desired angular position rela- 
tive to the axis of the laser beam impinging there- 
on. Of course, when both fibers 10 and 11 have 
been so positioned, the relationship of the major 
25 and minor axes of the eliptical cores of the two 
fibers relative to each other are also precisely 
known. In most applications, it is desired to splice 
the two fibers with the minor axes of the eliptical 
cores of the two fibers in precise register with each 
30 other, which also means that the major axes of the 
eliptical cores of the two fibers are in register with 
each other. When the two fibers 10 and 11 have 
been properly positioned, one or both of the fibers 
is advanced along the X axis to bring the free ends 
35 of the two fibers into engagement or close proxim- 
ity with each other, and the free ends of the fibers 
are then fused together. Techniques for fusing two 
optical fibers are well known in the art and will not 
be repeated here. For example, automated devices 
40 for performing such fusion are commercially avail- 
able from Power Technology Inc. of Little Rock, 
Arkansas. 

This invention is also useful in joining fibers for 
applications requiring optical fibers to be joined 

45 with their transverse axes offset from each other by 
preselected angles. This can be accomplished by 
first aligning the transverse axes of the two fibers 
as indicated above and then rotating one of the 
fibers through the desired offset angie. Alternative- 

50 ly, the two fibers could be independently posi- 
tioned at their respective desired angies. 

Claims 

55 1. A method of locating azimuthal positions of 
transverse axes of an optical fiber having a 
cladding and a core with an elliptical trans- 
verse cross-section having major and minor 
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axes, said optical fiber having a longitudinal 
axis, said method comprising the steps of: 

directing a coherent light beam onto said 
fiber, in a direction transverse to said longitudi- 
nal axis of said optical fiber, 

monitoring an interference pattern pro- 
duced by reflections of said coherent light 
beam from the surface of the fiber and the 
internal interfaces of said core and cladding, 
while turning said fiber about said longitudinal 
axis, and 

detecting the azimuthal position of said 
fiber from which said interference pattern 
changes symmetrically as the fiber is turned in 
opposite directions about said longitudinal axis, 
indicating said coherent light beam is aligned 
with one of said major and minor axes at said 
detected a2imuthat position. 

2. The method of claim 1 further comprising the 
step of positioning said optical fiber in a three 
dimensional plane, such that the location of 
said optical fiber can be defined by said op- 
tical fiber's surface intersection coordinates. 

3. The method of claim 1 wherein said coherent 
light beam is produced by a helium neon laser. 

4. The method of claim 1 wherein said coherent 
light beam is normal to said longitudinal axis of 
said optical fiber. 

5. The method of claim 1 further comprising the 
step of turning said optical fiber through an 
azimuthal range of at least 90 ' . 

6. The method of claim 1 further comprising the 
step of detecting which one of said major and 
minor axes is aligned with said coherent light 
beam. 

7. The method of claim 1 further comprising the 
step of repeating said direction monitoring and 
detecting steps with a second optica! fiber. 

8. A method of locating azimuthal positions of 
transverse axes of an optical fiber having a 
cladding and a core with an elliptical trans- 
verse cross-section having major and minor 
axes, said optical fiber having a longitudinal 
axis, said method comprising the steps of: 

directing a coherent light beam onto said 
fiber, in a direction transverse to said longitudi- 
nal axis of said optical fiber, 

utilizing a programmable electronic device 
capable of storing, retrieving and processing 
data to monitor an interference pattern pro- 
duced by reflections of said coherent light 



beam from the interna! interfaces of said core 
and cladding, while turning said fiber about 
said longitudinal axis, and 

detecting the azimuthal position of said 

5 fiber from which said interference pattern 

changes symmetrically as the fiber is turned in 
opposite directions about said longitudinal axis, 
indicating said coherent light beam is aligned 
with one of said major and minor axes at said 

to detected azimuthal position. 

9. The method of claim 8 further comprising the 
step of positioning said optical fiber in a three 
dimensional plane, such that the location of 

75 said optical fiber can be defined by said op- 

tical fiber's surface intersection coordinates. 

10. The method of claim 8 wherein said coherent 
light beam is produced by a helium neon laser. 

20 

11. The method of claim 8 wherein said coherent 
light beam is normal to said longitudinal axis of 
said optical fiber. 

25 12. The method of claim 8 further comprising the 
step of turning said optical fiber through an 
azimuthal range of at least 90*. 

13. The method of claim 8 further comprising the 
30 step of detecting which one of said major and 

minor axes is aligned with said coherent light 
beam. 

14. The method of claim 8 further comprising the 
35 steo of repeating said direction monitoring and 

detecting steps with a second optical fiber. 

15. A method of joining two optical fibers each 
having a cladding and a core with an elliptical 

40 transverse cross-section having major and mi- 

nor axes, said optical fibers each having lon- 
gitudinal axes, said method comprising the 
step of joining said optical fibers while said 
transverse axes of said cores of said optical 

45 fibers are aligned with each other. 
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